In this paper we investigate the risk-adjusted performance of US sector portfolios and sector rotation strategy using the alphas from the Fama-French five factor model. We find that fivefactor model fits better the returns of US sector portfolios than the three factor model, but that significant alphas are still present in all the sectors at some point in time. In the full sample period, 50% of sectors generate significant five-factor alpha. We test if such alpha signifies a true sector out/underperformance by applying simple long-only and long-short sector rotation strategies. Our long-only sector rotation strategy that buys a sector with a positive five-factor alpha generates four times higher Sharpe ratio than the S&P500 buy-and-hold. If the strategy is adjusted to switch to the risk-free asset in recessions, the Sharpe ratio achieved is ten-fold that of the buy-and-hold. The long-short strategy fares less well.
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Introduction and Background Fama-French (1993) three-factor model (FF3 hereafter) and Carhart (1997) four factor model, have been used as standard pricing models and benchmark models for portfolio performance among both academics and practitioners. Fama and French (2015) five factor model (FF5 hereafter) represents the newest addition to the multi factor models that have been frequently used in empirical research, both in asset pricing and performance evaluation literature.
Regardless of the frequent use of the FF3 model, there is evidence to suggest that it cannot completely explain the cross-section of stock returns 1 . Although FF3 model adjusts for outperformance tendency observed in original CAPM, academics question its ability to explain the cross-sectional variation in expected returns particularly related to profitability and investment (as seen in Chen et al., 2011; Aharoni et al., 2013; Novy-Marx, 2013; Walkshäusl and Lobe, 2014; Titman et al., 2004 among others) . Motivated by this, Fama and French, (2015) propose five factor model which adds two additional factors, profitability and investment, to the FF3 model. They find that, for portfolios formed on size, book to market (B/M), profitability, and investment, the five-factor model provides a better fit than their original FF3 model.
In this paper we investigate the risk adjusted performance of US sector/industry portfolios in terms of the new FF5 model. The results from this segment of our research can be of particular interest to investors considering specialist sector funds. We further test whether the FF5 model alphas in the US sector portfolios can be exploited to formulate a profitable and feasible sector rotation strategy. The presence of sector ETFs makes sector investment strategies such as the one proposed in this paper attractive to practitioners and feasible at a reasonable level of transaction costs. The contribution of this paper to the literature is therefore two-fold: first, it adds to performance measurement literature by assessing US sector/industry performance within the new FF5 setting; and second, it adds to scarce sector investing literature with specific focus on a dynamic market-timing strategy -sector rotation.
Sector rotation has received comparatively little attention from academics even though sector return predictability is well documented 2 . We base this study on the following notion: if the FF5 alpha of a sector is indeed the true alpha (i.e. an accurate indicator of stock picking skill),
1 Some anomalies such as, positive relationship with momentum returns and earnings surprises, negative relationship with financial distress, net stock issues and asset growth, are left unexplained by Fama-French three factor model (see for example, Chen and Zhang, 2010; French, 2008, 1996; Cooper, Gulen and Schill, 2008; Daniel and Titman, 2006; Campbell, Hilscher and Szilagyi, 2008, etc) 2 See for instance Beller, Kling and Levinson (1998) 3 then applying a sector investment strategy based on such alpha should generate higher return.
To the best of our knowledge, this is the first study that applies the new Fama and French (2015) five factor model as a benchmark model of sector performance and as a basis for US sector rotation strategy. Last, but not least, this paper aims to highlight the importance of sector/industry analysis for the investment process. Throughout the paper, we draw comparisons between Fama-French three-and five-factor model's suitability for US sector returns and sector rotation strategy.
Let us first look at the existing evidence on sector performance. Most of the performance measurement literature focuses on the mutual funds, specifically long-only equity funds. The number of studies in this area is vast, see for instance Carhart (1997) , Daniel (1997) , Wermers (2000) , Chen et al. (2000) , Pástor and Stambaugh (2002) among others for US evidence. In contrast, much less attention in the literature has been given to the performance of the sector/industry investing. Dellva, DeMaskey and Smith (2001) study the timing and selection ability of 35 Fidelity sector mutual funds from the funds' inception till December 1998. The number of positive Jensen's alphas is 24-33 throughout subperiods, with the exception of 1994-1998 where the alphas declined to negative value. Faff (2004) tests the performance of 24 Australian industry portfolios and finds that there is a tendency for mining and resources to produce negative FF3 alpha, whereas industrials tend to produce a positive one. In the US, Kacperczyk, Sialm and Zheng (2005) investigate the performance of industry concentrated mutual funds over the period January 1984 to December 1999. They argue that, fund managers may deviate from the passive market portfolio by having their portfolio with specific industry concentration, and prove that funds that deviate more from the overall market by focusing on particular industries tend to perform better. Dou et al. (2014) study asset allocation in different economic regimes across sectors in the developed countries (North America, UK, Japan, and Europe). They report positive alpha of Energy, HiTech, and Health sectors; and negative alphas of Durable, Telecom, and Manufacturing sectors both in the bull market and the bear market. In this study, we will also address the sector rotation taking into account different market states.
The success of sector rotation strategies was first documented by Sorensen and Burke (1986) and Grauer, Hakansson and Shen (1990) . Fidelity Investments pushed sector investing into the mainstream by launching the slate of sector mutual funds referred as the "Select" series during the 1980s. However, the modern era of sector investing began in December 1998
when the first sector exchange-traded funds (ETFs) were introduced to equity investors.
Based on the Fidelity Select Sector picking as a selection criteria, Sassetti and Tani (2006) use three simple sector rotation techniques, ranking sectors based on the Rate of Change, Alpha, and Relative Strength Indicator. They apply strategy to 41 funds of the Fidelity Select Sector family from January 1998 to September 2003. They find that, a sector rotation based on the alphas appears more stable than the one using the Rate of Change. Their sector rotation strategy continuously outperforms buy-and-hold strategy. Conover et al. (2008) switch sectors according to macroeconomic conditions and find that their sector rotation strategy has infrequent rebalancing and consistent economically significant returns over the 33 year period in their study. Further, Chong and Philips (2015) find that a portfolio of sector ETFs constructed as a response of sectors to economic factors performs well relative to S&P 500 index. Outperformance of sector rotation strategy is also documented in the study of In this study we use ten US Fama-French sector portfolios in the period 1964-2014 and our findings reveal that FF5 is a better model for describing sector returns than the FF3;
containing additional information and having higher R-squared. 5FM is also statistically better fitted model and two addition factors (RMW and CMA) significantly increase the log likelihood of the model. We follow the Sassetti and Tani (2006) who find that alpha-based sector rotation provides more robust performance than that based on other indicators. Hence, we develop a long-only and a long-short sector rotation strategy where a signal for switching is the FF5 factor model alpha. If the FF5 alpha for a sector in period t is positive (negative), we will buy (sell) that sector in period (t+1). Our sector rotation strategies are illustrated on both Fama-French US sector portfolios and the matching S&P Select Sector SPDR ETFs. In addition, we differentiate between recessions and expansions, and devise additional long-only strategy, which buys a risk-free asset (US 1 month Treasury Bill) if the economy is in recession.
Our long-only sector rotation strategy based on FF5 alphas outperforms the S&P 500 buyand-hold benchmark strategy by 5.40% in terms of mean return and generates approximately four times higher Sharpe ratios. When we integrate business cycles into the trading strategy by taking long position to the corresponding sectors with positive FF5 alpha during expansion period and in the one month US T-bill during recession period, the strategy generates 7.12% higher mean return of the S&P 500 benchmark and nearly 10 times higher Sharpe ratio. Our long-short strategy fares less well.
The paper is organised as follows: Section 2 describes the data and methodology, Section 3 presents the empirical findings of the study and Section 4 concludes the paper.
Data and Methodology

Data
We use monthly data of ten US sector portfolios obtained between high book-to-price and low book-to-market ratio; mimics value risk; RMW is the profitability factor which is the return spread of most profitable firms (Robust profitability) minus least profitable firms (Week profitability); CMA is the investment factor calculated as return spread of firms that invest conservatively minus aggressively. That is, RMW stands for robust minus weak profitability and CMA stands for conservative minus aggressive investment. The alpha of Fama-French five factor model ( , ) denotes the access return that an active portfolio manager achieves above the expected return due to market, size, value, profitability and investment risk factors.
Sector Rotation Strategies and Buy-and-Hold
We apply a sector rotation strategy using as a signal for timing our allocations the rolling window of FF5 alphas of sector portfolios. The rolling FF5 alphas are estimated for the period January 1967 to December 2014.We use the first 36 months of the sample period to estimate the first set of alphas using the FF5 model. In total, there are 576 trading months. To begin with, we devise a Long only and a Long/short strategy. Our Long-only strategy takes the long position in month t+1in all sector portfolios that have positive FF5 alpha for the 36 7 months rolling window ending in month t. The Long-Short rotation strategy buys sector portfolios in month t+1 that have positive alpha in month t and short-sells those with negative alpha in month t. We rebalance the position every month using the rolling window alpha of the previous 36 months. Additionally, we incorporate economic recession and expansion periods in our trading rule. In this strategy we buy sectors with positive FF5 alpha in the expansion period, and invest in the risk-free asset (one month US T-bill) in recession periods.
We compare the Sharpe ratios of trading strategies with the Buy-and-Hold strategy that represents the investment in the S&P 500 index; a commonly used benchmark in performance evaluation literature.
Transaction costs
We report break even transaction costs in this study. Those are the maximum costs per trade (deducted from the return generated in the month in which the trade has occurred) that one could pay so that the Sharpe ratio of the strategy breaks even (i.e. equalises with) the Sharpe ratio of the buy-and-hold. Note that each strategy has a number of switches (in/out positions, so 2 switches denote one round-trip transaction) in each sector over the investment period.
Empirical Findings
Descriptive statistics
Descriptive statistics (Mean Excess Return, Standard Deviation, Skewness and Kurtosis) of the 10 sector portfolios over the sample period are reported in Table 1 .
All the sector portfolios have highly significant leptokurtic shape. Only Durables and Health sector has positive skewness. These distribution statistics indicate the probability of extreme values in the sector returns, most of the time they are on the left tail. The mean excess returns of 10 sector portfolios are similar with a minimum monthly return of 0.45% (Utility) and a maximum monthly return of 0.69% (Health). The Utility sector portfolio exhibits the lowest standard deviation, whereas Hi-technology sector is the most risky. 4.8271*** (0.0000) * **Implies the significance at 1% level of significance. ** Implies the significance at 5% level of significance. *Implies the significance at 10% level of significance. However, their positive alpha is the average alpha of 35 sector funds, but they didn't specify sectors with positive and negative alphas. Dou et al. (2014) use the MSCI data and report positive alpha of Energy, HiTech, and Health sectors; and negative alphas of Durable and 9
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Manufacturing sectors both in bull market and bear market. Our findings in this paper are similar. 1.27 * **Implies the significance at 1% level of significance. ** Implies the significance at 5% level of significance. *Implies the significance at 10% level of significance.
To gain some insight into the performance of sector funds over time, we plot the time series of rolling FF5 alphas of the 10 sectors over the sample period, as per Figure 1 . Health sector performs well during the late 60s and 70s. During the period 1979 to 1981 energy sector provides higher alpha than any other sector, however, experienced powerful rebounds until end of 1986. We note the dominance of HiTech sector particularly during the period 1994 to 2003, which mostly coincides with the dot.com boom. We also observe that negative alphas of Energy sector are more prominent than negative alphas of the other sectors. In the case of 'Others' sector, the FF% alpha is negative over most of the sample period.
We further perform unpaired t-test to examine whether the FF5 model alphas are different across the sectors. Table 3 reports the unpaired t-test of the rolling window FF5 alphas of 10 sector portfolios. 89% of FF5 alphas (40 out of 45 pairs) are found to be significantly different from each other at least 10% level of significance 8 . 1966M12 1967M12 1968M12 1969M12 1970M12 1971M12 1972M12 1973M12 1974M12 1975M12 1976M12 1977M12 1978M12 1979M12 1980M12 1981M12 1982M12 1983M12 1984M12 1985M12 1986M12 1987M12 1988M12 1989M12 1990M12 1991M12 1992M12 1993M12 1994M12 1995M12 1996M12 1997M12 1998M12 1999M12 2000M12 2001M12 2002M12 2003M12 2004M12 2005M12 2006M12 2007M12 2008M12 2009M12 2010M12 2011M12 2012M12 2013M12 2014M12 Nodur-5F Durbl-5F Manuf-5F Enrgy-5F HiTec-5F Telcm-5F Shops Hlth-5F Utils-5F Other-5F Manufacturing sector, the total significant alpha is 9.36% in case of CAPM, but it doubles when alphas are estimated by FF5. This is the sector where negative alphas increase the most -by 85%. We observe similar pattern the Energy and HiTech sector. In contrast, in the Telecom sector, the percentage of total significant FF5 alphas is lower than Jensen's alphas, but higher thanFF3 alphas. This is because the telecom sector couldn't achieve many (significantly) positive alphas over the sample period, but the percentage of negative alphas in this sector has increased. This corroborates (under)performance of Telecom sector reported in Figure 1 , where its time series of FF5 alpha is negative over most of the period. For Utility sector, the significant FF5 alpha is marginally lower than the FF3 one, although the percentage of positive (negative) alpha is higher (lower) than 3FM.
In summary, a significant percentage of sectors appear to have both significantly positive and significantly negative alphas in case of CAPM, 3FM and 5FM. Some of the alphas lose their significance (6 out of 10 sectors) when additional factors are included in the model.
Undeniably, overall positive alpha has decreased for 9 out of 10 sector portfolios when we move from FF3 to FF5 model, while this amount is 8 out of 10 when we move from CAPM to FF5 model. If the FF5 alphas are comparatively more 'true' then their predecessors, then they should be exploitable in in the context of sector investing. We will illustrate this on the example of sector rotation strategies.
The average R-squared for each sector (also reported in Table 4 ) is always higher for FF5
model. This corroborates that using additional two factors in the FF5 model has enhanced the explanatory power when it comes to sector returns. From the analysis that has been done so far in this study, it is observed that the risk adjusted performance of sector portfolios in terms of one-or three-factor model is different to that of the five-factor model. The significant difference between the time series of FF3 and FF5 alphas indicates that they convey different information. Table 5 and Table 6 report the Ordinary Least Square (OLS) estimates of three-factor model and five-factor model respectively for our ten sector portfolios for the full sample period January 1964 to December 2014. The tables report the alpha, factor betas and R-squared of the regressions. In the case of FF3 (Table 50) It is a custom to believe that aggregate shocks such as business cycles will cause a structural break in a time-series. A structural change in second moments will produce a change in asset betas that might result in a spuriously significant alpha, (Turtle and Zhang, 2015) . During model diagnostics we check whether there is a structural change in the Fama-French asset pricing models due to the business cycles; with an intention to derive trading strategies accordingly. In this manner, we perform Factor Breakpoint test that splits an estimated equation's sample into a number of subsamples classified by one or more variables and examines whether there are significant differences in equations estimated in each of those subsamples. The Wald statistics in the Panel B of Table 7 indicates that, both FF3 and FF5
model exhibit structural changes due to business cycles; FF5 differing more significantly than FF3 between economic states. Given these results, we will develop a trading strategy that incorporates business cycles with a potential of generating better performance. 0.9074 * **Implies the significance at 1% level of significance. ** Implies the significance at 5% level of significance. *Implies the significance at 10% level of significance.
18 We perform likelihood ratio test for the redundant variables to identify the significance of the two added factors (RMW and CMA) in the Fama-French 5FM. We also perform the Factor Break Point test to examine whether the subset of parameters differs due to the business cycles (BC). The test statistics is computed from a standard Wald test of the restriction that the coefficients on the equation parameters are the same in all subsamples. The Factor Breakpoint test splits an estimated equation's sample into a number of subsamples classified by one or more variables and examines whether there are significant differences in equations estimated in each of those subsamples. A significant difference indicates a structural change in the relationship. The p-value of Wald test and Likelihood Ratio test indicates the probability of the insignificance of corresponding regressor. ***Implies the significance at 1% level of significance. ** Implies the significance at 5% level of significance. *Implies the significance at 10% level of significance.
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Sector Rotation Strategy
Given results from the previous section, which show better fit of the five-factor model to US sector returns, we will proceed in this section using five-factor model as a basis for our trading strategy. 9 Sorensen and Burke (1986) argue that, application of a sector rotation strategy requires at least two assumptions. First, we must assume that sector-specific effects cause price movements to differ from one group to another. We have shown earlier in this paper that five-factor alphas overall differ between sectors (see Table 3 ). Second, sector rotation assumes that the firms within a sector exhibit some homogeneity in their relative price movements, aside from overall market influences. Intuitively, companies in the same sector or industry would exhibit higher pairwise return correlations that companies from different industries. Firms within the same industry that operate under the same regulatory environment are likely to react similarly to technological innovations, and also exhibit similar sensitivity to macroeconomic shocks and/or government policy. These firms are also likely to be exposed equally to the fluctuations in the supply & demand or across the consumersupplier chain of their corresponding market. We hypothesised that, if the FF5 model produces true alpha then these rolling alphas can be used in sector rotation strategies.
Note that the trading strategies we use in this paper are for illustration purpose only. It is not the aim of this paper to identify the best or most optimal strategy to trade upon. We first illustrate sector rotation using Fama-French US sector portfolios, but the strategy can be replicated (relatively) cheaply by using US sector ETFs. We demonstrate replication through ETFs later in this study. Table 8 provides the annualised returns, standard deviation, and Sharpe ratios of long-only and long-short sector rotation strategies. We observe that long-only based sector rotation trading provides nearly double the buy-and-hold return of S&P 500 with similar standard deviation. Sharpe ratios of these strategies are also higher (nearly four times) than the Sharpe ratio of the S&P 500. Sharpe ratio of our long-only rotation strategy is 0.13, which is considerably higher than the Sharpe of buy and hold strategy (0.03). Sorensen and Burke (1986) argue that, any benefits of sector rotation may depend on existing market conditions irrespective of the particular analytical approach. We test their claims by splitting the trading periods according to the NBER business cycles. Factor Breakpoint test due to business cycles (Table 7 ) also suggest the possibility of more accurate trading and generate higher return by incorporating business cycles in the trading strategies. The trading strategy where we buy corresponding sectors with positive FF5 alpha in the expansion period otherwise invest in risk-free asset, generates the superior returns. The returns are more than 7% higher than the buy-and-hold return of S&P 500 with at least 2% lower risk (standard deviation). Even more pronounced than in the long-only trading, the Sharpe ratio of the longonly strategy that accounts for recession is around five times higher than that of the buy and hold of the S&P 500 index. The superior performance of the sector rotation strategies based on FF5 can be seen in Figure   2 , which displays cumulative return of the strategies and buy and hold of the S&P 500 index.
The cumulative return of the sector rotation strategies over buy and hold grows over time.
Specifically if we compare long-only trading (FF5 long) and trading that incorporates business cycles (FF5 long with risk-free), we can observe that trading strategy that invests in T-bills during recession has the 72 BPS higher return compared to the long only sector rotation that does not account for the business cycles. It also increases the Sharpe ratio from 0.12462 to 0.17426. The outperformance of long-only sector rotation strategies confirms the findings of Sorensen and Burke (1986) and Stangl, Jacobsen and Visaltanachoti (2009) 
Sector rotation with ETFs
Fama-French sectors portfolios are not readily investable and hence our strategies would be more valuable from practitioners' point of view if tested with sector ETFs. To this end, we use six 'Select Sector SPDR ETFs' as described in Section 2 to replicate our sector rotation strategies. while the Sharpe ratio of the long-only strategy with accounts for recession is nearly 10 times that of the buy and hold, making it the most successful of our three rotation strategies. The long-short strategy remains unsuccessful. This can infer some conclusions about portfolio persistence: positive alphas utilised in the long-only strategies are more likely to lead to future positive alphas, while negative alphas are not a good predictor of future negative alphas leading to poor performance of long-short strategies that utilize them.
Break-even level of transaction costs per trade for each portfolio is calculated to assess the feasibility of our strategy for investors. Break-even transaction cost is expressed in basis points and it is the maximum cost per trade that can be paid, which equalises the Sharpe ratio of our rotation strategy to that of the buy and hold benchmark. The higher the break-even transaction costs are, the more feasible our strategy is. Similar to our rotation strategies with Fama-French sector portfolios, we find that long-only strategies provide higher return than S&P 500 benchmark whereas the long-short strategies provide lower return. The highest return is observed in the rotation strategy that takes long position in the corresponding sector ETFs during expansion period but invests in T-bill in recession period, more than 7% higher return than the benchmark. Break-even transaction cost of rotation strategy that invests Tbills during recession suggests that investors can pay anything up to 326bps per trade and still generate Sharpe ratios higher than the buy-and-hold of the S&P 500. The breakeven costs per trade for long only sector rotation are lower (148 bps per trade) but given that ETF trading is cheap, the strategy is highly feasible for investors. One can view the outperformance of our sector trading strategies as an implication violates the efficient market hypothesis. Although the justification of efficient market hypothesis is beyond the scope of this study, we use the break-even transaction cost as an implication of limits to arbitrage. Break-even transaction cost in our study identify the extent to which our trading strategy can be arbitraged.
Conclusions
This paper contributes to the literature on US sector performance, where we measure performance by a new Fama-French (2015) five factor model. It further contributes to the scarce literature on sector rotation strategies by studying alpha-based sector rotation for the 10 US Fama-French sector portfolios. We perform sector rotation based on the rolling alphas and assess whether five factor model produces 'true' alphas that can be exploited by investors. With investors in mind, we also apply our sector rotation strategies using highly liquid S&P Select Sector SPDR ETFs that, in terms of definition and coverage, are a close match to Fama-French sectors.
When comparing three-and five-factor models, OLS estimates suggest that FF5 explains the variability of the sector portfolio returns better than FF3, generating higher R-squared. The inclusion of two addition factors (RMW and CMA) increase the statistical significance and decrease the alpha estimate in most sectors. Likelihood Ratio test for redundant variable confirms the significance of profitability (RMW) and investment (CMA) betas. Moreover, FF3 and FF5 exhibits structural change due to business cycles, suggesting that business cycles can be incorporated for more accurate trading strategies.
Our long-only sector rotation strategy based on FF5 rolling alphas of Fama-French US sector portfolios in the period January 1967 -December 2014 generates 5.40% higher return than the buy-and-hold of the S&P 500 index and nearly four times higher Sharpe ratio. The outperformance increases when we take business cycles into consideration. However, we observe that the long-short strategy is not successful relative to buy and hold. Trading with S&P Select Sector SPDR ETFs that match Fama-French portfolios in terms of definition, which are feasible investment option for all investors confirms these findings at an acceptable level of transaction costs. Our findings are consistent to those of Sorensen and Burke (1986) and Stangl, Jacobsen and Visaltanachoti (2009) .
Given that non-normal characteristics of sector returns are reported in this study, future research could involve the use of non-linear models. In addition, it would be of interest to extend our rotation strategies to different asset classes using five-factor model.
